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SUMMARY 


An investigation has been conducted in the Langley U- by U-foot 
supersonic pressure tunnel at a Mach number of 1.60 and a Reynolds num- 
ber of 2.7 x 10^, based on the wing mean aerodynamic chord, to determine 
the effects of sweep and thickness on the longitudinal characteristics 
of a series of wing-body combinations having cambered wings with an aspect 
ratio of 3.5 and taper ratio of 0.2. The wings, tested on a slender body 
of revolution, had quarter-chord sweep angles of 10.8°, 35°, and U7 0 for 
a thickness ratio of 1| percent, and thickness ratios of U* 6, and 9 per- 
cent for a quarter-chord sweep angle of U7°. In addition, a wing of 
U7° sweep was tested with thickened root sections. For this wing, the 
thickness ratios tapered linearly from 12 percent at the root to 6 per- 
cent at the itO-percent semispan station and were constant at 6 percent 
further outboard. The effects of the addition of a horizontal canard 
surface to the 6-percent-thick, U7° swept wing configuration were also 
investigated. 

The results of this investigation show the effects of sweep, thick- 
ness, and the horizontal canard surface on the lift, drag, and pitching- 
moment coefficients and lift-drag ratios. In addition, lift-curve slopes, 
aerodynamic-center locations, maximum lift-drag ratios, lift coefficients 
for maximum lift-drag ratio, and drag-rise factor are presented. 
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INTRODUCTION 


A research program has been in progress at the Langley Aeronautical 
Laboratory to determine at subsonic, transonic, and supersonic speeds 
the effects of thickness and sweep on the aerodynamic characteristics of 
a series of wing-body combinations with cambered wings having a taper 
ratio of 0.2 and an aspect ratio of 3.5. The effects of thickness on 
the longitudinal characteristics of a 1+7° sweptback-wing - body combina- 
tion at subsonic and transonic speeds are presented in reference 1. The 
effects of sweep and thickness on the lateral characteristics of the wing 
series at a Mach number of 1.60 are presented in reference 2. The results 
of tests at a Mach number of 1.60 of several nacelle configurations on 
the 6-percent--thick [+7° swept wing configuration are given in reference 3. 

The present paper gives the results of tests to determine the effects 
of sweep and thickness on the longitudinal characteristics of this series 
of wings at a Mach number of 1.60 and a Reynolds number of 2.7 x 10° 
based on the wing mean aerodynamic chord. The wings had quarter-chord 
sweep angles of 10.8°, 35°, and 1+7° Tor a thickness ratio of 1+ percent 
and thickness ratios of h, 6, and 9 percent for a sweep angle of 1+7°. A 
thickened-root wing of 1+7° sweep, having a thickness ratio of 12 percent 
at the root, tapering to 6 percent at the 1+0-percent semispan station, 
and remaining constant at 6 percent further outboard was also investigated. 
The effects of the addition of a horizontal canard surface to the 6-percent- 
thick 1+7° swept wing configuration were investigated. These results are 
presented without analysis to expedite issuance. 


SYMBOLS 


C L lift coefficient of wing -body combination (Lift/qS) 

Cp drag coefficient of wing-body combination (Drag/qS) 

C m pitching-moment coefficient of wing-body combination about 

0.25 mean aerodynamic chord (Pitching moment/ qSc) 

Cp^ lift coefficient of body (Lift/qA) 

Cp^ drag coefficient of body (Drag/qA) 

C m ^, pitching-moment coefficient of body (Pitching moment/ qAl ) 

A maximum cross-sectional area of body, 0.0276 square foot 

S wing area, 1.11+3 square feet 
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c 

wing mean aerodynamic chord , feet 


l 

body length , feet 


q. 

free-stream dynamic pressure , pounds per 

square foot 

M 

Mach number 


t/c 

streamwise wing thickness ratio 


l/d 

lift-drag ratio 


C La 

lift-curve slope 


^d/ c l 2 

drag rise factor 


a 

angle of attack of body center line^ degrees 

A 

sweep angle of wing quarter chord line. 

degrees 

Subscripts: 


max 

maximum 


min 

minimum 



APPARATUS AND MODELS 
Tunnel 


The tests were conducted in the Langley Ij. - by U-foot supersonic 
pressure tunnel. This tunnel, described in reference k, was originally 
powered by a 6000-horsepower drive motor. Recent modifications to the 
tunnel have increased the horsepower rating to !|.5j000. The additional 
power has resulted in an increase in the maximum stagnation pressure 
from about 0.3 atmosphere to about 2 atmospheres. The design Mach num- 
ber range of 1.2 to 2.2 remains unchanged. In addition, the original 
mild-steel flexible nozzle walls (reference I 4 ) have been replaced by 
machined-stainless-steel walls. At a Mach number of 1.60 the test sec- 
tion has a width of U .3 feet, a height of I 4 ..U feet, and a region of 
uniform flow which is 7 feet long at the flexible walls. An external 
air-drying system supplies air of a sufficiently low dew point to prevent 
moisture condensation in the test section. 
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Models 

The models used in these tests were composed of an ogive-cylinder 
body and various midwing configurations with a ratio of body diameter to 
wing span of about O.O9I1. The models were designed to accommodate solid 
steel wings with integral cylindrical sections simulating corresponding 
sections of the body. This design permitted interchange of wings with 
minimum delay. The wings were positioned so that the quarter-chord point 
of the mean aerodynamic chord was always at the same body station. The 
wing airfoil sections had an NACA 63A series thickness distribution and 
mean-line ordinates 1/3 of NACA 23O plus (a = l) for Cp = 0.1. The 
airfoil coordinates are given in table I. Details of the models are shown 
in figure 1. 

The models were sting- supported and had a six-component internal 
strain-gage balance in the body. The model and sting are shown in fig- 
ure 2. Figure 3 is a photograph of the model in the tunnel. The models, 
balance, and indicating system were furnished by a U. S. Air Force 
contractor. 


TESTS 

Test Conditions 


The conditions for the tests of the wing-body configurations were: 

Mach number 1.60 

Reynolds number, based on wing mean aerodynamic chord .... 2.7 x 10^ 

Stagnation dew point, degrees Fahrenheit <23 

Stagnation pressure, atmospheres 1 

Stagnation temperature, degrees Fahrenheit 110 

In order to establish an indication of the type of boundary layer 
existing over the basic body to provide a means of assessing the wing 
drag increments, the body alone was tested through a pressure range of 
about U pounds per square inch to 1 3 pounds per square inch corresponding 
to a Reynolds number range of 2.3 to 9 x 10^ (based on body length). All 
the other test conditions remained unchanged. 

A limited calibration prior to these tests has shown that the flow 
in the test section is reasonably uniform. The magnitudes of the varia- 
tions in the flow parameters are summarized in the following table: 


Mach number ±0.01 

Flow angle in horizontal plane, degrees ±0.1 

Flow angle in vertical plane, degrees ±0.1 
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Test Procedure 

Tests of the wing-body configurations were made through an angle- 
of-attack range from -2° to 13 ° and tests of the body of revolution 
from -2° to li|°. 


Corrections and Accuracy 

The angle of attack of the model was corrected for deflection of 
the balance due to lift and pitching moment. Angle corrections were 
obtained from bench calibration of the balance for various lift loads 
and pitching moments. The validity of these corrections was verified 
by comparison with angle corrections measured optically during tests of 
the 9 - percent-thick i;7° swept wing. The estimated accuracy of the wing 
angle of attack was ±0.1°. During these tests the model was yawed about 
-0.2° due to misalinement. No corrections were applied for this yaw 
angle or for the flow variations in the test section. 

The estimated errors in the force data were as follows: 


C D 

^m 


± 0.005 

± 0.001 

±0.001 


The base pressure was measured and the drag data were corrected to corre- 
spond to a base pressure equal to free-stream static pressure. 


RESULTS 


The results are presented without analysis in order to expedite 
issuance. In order to simulate more closely full-scale characteristics 
and eliminate drag increments caused by transition of the body boundary 
layer from laminar to turbulent flow caused by the addition of the wing, 
the body alone was tested through a Reynolds number range of 2.5 x 10^ 

to 9 x 10 ^ (based on the body length) . The drag coefficient obtained 
during these tests is presented in figure ij. as a function of Reynolds 
number. On the basis of these data (fig. U)j it was concluded that the 
boundary-layer flow over the body alone was primarily turbulent above a 

Reynolds number of 7 x 10^ (stagnation pressure of 12 lb/sq in.) and 
all further tests of the body and the wing-body combinations were there- 
fore conducted at a stagnation pressure of about 15 pounds per square 
inch. 
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The experimental aerodynamic characteristics in pitch of the body 
alone and the theoretical values calculated by the method of reference 5 
are presented in figure 5>. The aerodynamic characteristics in pitch of 
the U-percent-thick wings in the sweep series are shown in figures 6(a) 
to 6(c), and of the 1*7° swept wings in the thickness series in figures 6(c) 
to 6(f). The effect of the addition of a horizontal canard surface to 
the 6-percent-thick 1|7 0 swept wing configuration are shown in figure 7. 
Schlieren pictures of the wing -body canard configuration are shown in 
figure 8. The lift-drag ratios as a function of lift coefficient for 
the wing series are summarized in figure 9 : the effects of the addition 

of the canards in figure 9(a), the effects of thickness in figure 9(b), 
and the effects of sweep in figure 9(c). The variation of the minimum 
drag coefficient with the square of the thickness ratio is presented in 
figure 10. Included for reference purposes on this figure are the experi- 
mental body drag coefficient and the theoretical pressure drag coefficient 
of the body (reference 6). The increment between the body-alone drag 
coefficient and the extrapolated wing-body drag coefficient for zero wing 
thickness is an indication of the wing skin friction drag. 

A summary of the variation of the longitudinal characteristics with 
thickness ratio and sweep angle is presented in figure 11 and table II. 

In general, for this series of wings, the effects of thickness are of 
the same magnitude as the effects of sweep on the longitudinal charac- 
teristics of the wings. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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^Thickness distribution: 


(a) £ = 0.01*. 


Vc 

y/c 

Upper 

surface 

Lower 

surface 

0 

0 
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.101 

.21*5 

.75 

.1*99 

.271 

1-25 

.669 

.289 

2.5 

.962 

. 321 * 

5.0 

1.1*35 

.367 

7.5 

1.776 

.1*29 

10 

2.039 

.1*72 

15 

2 . 1*23 

.577 

20 

2.61*2 

.682 

25 

2.800 

.787 

30 

2.887 

.892 

35 

2.983 

.997 

ho 

2.992 

1.006 

hS 

2.91*0 

1.01*1 

50 

2.852 

1.006 

55 

2.712 

.91*5 

60 

2.511 

.857 

65 

2.265 

.761 

70 

1.986 

.671* 

75 

1.680 

.5 77 

80 

1.356 

.1*81 

85 

1.01*1 

.385 

90 

. 726 

.289 

95 

.1*02 

.201 

100 

.105 

.105 

Tangent 

point 

80.00 

60.00 

L.E. radius = 0. 0016c 


TABLE I 

AIRFOIL COORDINATES FOR THE VARIOUS WINGS 

NACA 65A series. Mean-line ordinates: 1/3 of NACA 23O plus (a = l) for = O.lJ 


(b) |- 


0 . 06 . 


(=) | = 


0.09. 


x/c 

y/c 

Upper 

surface 

Lower 

surface 

0 

0.061 

0 

.5 

.577 

.376 

.75 

.717 

.1*1*6 

1.25 

.919 

.531* 

2.5 

1.301* 

.621 

5.o 

1.872 

.761 

7.5 

2.318 

.857 

10 

2.668 

.980 

15 

3.150 

1.269 

20 

3.1*82 

1 . 1*96 

25 

3.701 

1.697 

30 

3.858 

1.81*6 

35 

3.91*6 

1.960 

h.0 

3.981 

2.021 

h$ 

3.937 

2.030 

50 

3.823 

1.977 

55 

3.613 

1.872 

60 

3.31*2 

1.697 

65 

3.018 

1.1*87 

70 

2.651 

1.277 

75 

2.231 

1.059 

80 

1.785 

.81*9 

85 

1.339 

.639 

90 

.892 

.1*20 

95 

.1*1*6 

.210 

100 

0 

0 

L.E. radius = 0.002l*c 


x/c 

y/c 

Upper 

surface 

Lower 

surface 

0 

0.156 

0 

.5 

.81*6 

. 571 * 

.75 

1.021 

.680 

1.25 

1.283 

.81*6 

2.5 

1.789 

I.O 69 

5.o 

2.537 

1.1*00 

7.5 

3.1H 

1.662 

10 

3.577 

1.896 

15 

l».2l*l* 

2.352 

20 

U.70S 

2.751 

25 

5.01*5 

3.052 

30 

5.288 

3.276 

35 

5.1*15 

3. 1*1*1 

i*0 

5.1*73 

3.529 

U5 

5.1*21* 

3.519 

50 

5.21*9 

3.1*22 

55 

U .967 

3.208 

60 

1*.579 

2.916 

65 

1*.102 

2.566 

70 

3.568 

2.197 

75 

2.975 

1.837 

80 

2.382 

1.1*68 

85 

1.789 

1.098 

90 

1.186 

.739 

95 

.593 

.369 

100 

0 

0 

L.E. radius - 0.0056c 


(d) Thickened root. 


x/c 

y/c 

root 

: at 
station 

Upper 

surface 

Lower 

surface 

0 

0.301 

0 

.5 

1.120 

.751* 

.75 

1.335 

. 901 * 

1.25 

1.658 

1 . 11*1 

2.5 

2.261 

1.507 

5.o 

3. 208 

2 . 021 * 

7.5 

3.919 

2.1*33 

10 

U .500 

2.799 

15 

5.362 

3. 1*1*5 

20 

5.965 

3.981* 

25 

6.395 

l*.l*ll* 

30 

6.718 

1*.716 

35 

6.912 

U.910 

ho 

6.977 

5.017 

U5 

6.912 

1*.996 

50 

6.675 

1*. 823 

55 

6.288 

U.522 

60 

5.771 

U.113 

65 

5.168 

3.618 

70 

h.hSl 

3.101 

75 

3.725 

2.581* 

80 

2.929 

2.067 

85 

2.239 

1.550 

90 

1.U86 

1.031* 

95 

.732 

.517 

100 

0 

0 

L.E. radius = 0.0099c 
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TABLE II 

SUMMARY OF THE LONGITUDINAL CHARACTERISTICS 


A 

(deg) 

t/c 

% 

c % 

C D • 
^mxn 

a c d/ c l 2 

( L /o) rnax 

for 

( L / D W 

a.c. 

10.8 

o.ol* 

0.0525 

-0.188 

0.021 

O.3O8 

6.1*1 

0.25 

0.1*38 

35 

.ol* 

.0535 

-.230 

.019 

.308 

6.97 

.23 

.1*80 

1*7 

.ol* 

.053 

-.258 

.016 

.288 

7.65 

.225 

.508 

U7 

.06 

.052 

-.259 

.021 

.31 

6.28 

.25 

.509 

^7 

.06 

.052 

-.200 

.022 

.299 

6.33 

.27 

.1*50 

1*7 

.09 

.01*8 

-.233 

.0303 

.33 

5.10 

.29 

.1*83 

hi 

.12, .06, .06 

.050 

-.260 

.026 

.308 

5.71 

.28 

.510 

Body alone 

.0021* 

• 770 

.006 

— 

— 

— 

O 

CM 

in 

• 
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Wing-body canard configuration. 
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(a) Wing-body arrangement. 

Figure 1.- Details of model configurations. 
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Aspect Ratio 

3.5 

Taper Ratio 

0.2 

Span, inches 

24 

Area, sq. feet 

1.143 



(b) Details of wings. 
Figure 1.- Continued. 
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Top view of installation 



to 

<M 



Side view of installation 



Figure 2.- Details of model sting support. All dimensions are in inches 

unless noted. 
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Figure 3.- Model mounted for pitch test. 
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Figure U.~ Variation of body drag coefficient with Reynolds number based 

on body length. 


Lift coefficient, Ci Pitching- moment coefficient, 
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Angle of attack, OC, deg 


Figure Aerodynamic characteristics in pitch of body of revolution, 
based on body frontal area and length. Boundary-layer turbulent. 


Drag coefficient, C 
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Figure 6. 


Aerodynamic characteristics in pitch of the various wing -body 
configurations . 


Drag coefficient, Cj) 
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Cb) A = 35°J £ = o.ou. 


Figure 6.- Continued 


Drag coefficient, 



Pitching -moment coefficient, 


NACA RM L5lKl6a 


19 


6 

u 


ho 

0 ) 


d 



< 



Q 

U 


(c) A = k 7 ° > t = 0 . 0 k. 


Figure 6.- Continued 


Drag coefficient, 
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(d) a = U7°; t = o.o6. 


Figure 6.- Continued 


Drag coefficient, Cq 
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(e) A = li7°; | = 0.09. 


Figure 6.- Continued 


Drag coefficient, 


Pitching -moment coefficient, 
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(f) A 


k7°; £ = 0 . 12 , 0 . 06 , 0 . 06 . 


Figure 6.- Concluded 


Drag coefficient, Cq 


Pitching -moment coefficient 
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Figure Aerodynamic characteristics in pitch of a wing-body configura- 
tion with and without canard. A = 1+7° j i = 0.06. 


Drag coefficient, 
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(b) a = 0°. 
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Figure 8.- Schlieren pictures of wing-body canard configuration. A = Ii7°J 

- = 0.06. 
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Figure 9 



(a) Effects of canard. 



(b) Effects of thickness. 
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(c) Effects of sweep. 

- Variation of lift-drag ratios with lift coefficient for the 
various wing-body configurations . 
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G Body + wing 



Figure 10.- Variation of minimum drag coefficient with the square of the 

thickness ratio. A = 1*7°. 
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Theory (ref 7 ) 
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Figure 11.- Summary of the aerodynamic characteristics in pitch of the 

various wing-body configurations. 
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